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????????????????. ? 2.6, 2.7? T = 1; 2???????? truncation
?????, Simulation??????????????????????, w/o truncation
??? [71]???????????. ?????????, ?????? T ?????
?????, ????????????????????????????, ?????
?????????????????????????? f(z; S3)?????????
??????????????, ?????? f(z; S1); f(z; S2)???????????
?????????????????????????.
? 2.8? Eb=N0 ????,?????? T ???????????????????
??. ??????????, w/o truncation??????????????????
??????????????????, ????????????????????
f (T )(z; S3)????????????????????????. truncation?????
??????????????????????????????????, ?????
??????????????????????????????????. ??, T ?
???????, w/o truncation? truncation????????????, ??????
?? f (T )(z; S3)????????????????? T ?????, ????????
????????????????????????.
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2.3 ????????????????????????
????, ??????????????????????????. ??????
??????, ???????, ?????????????????????????
??. ??????????, ?? t   1???????????? pdf, ??????
pdf h(x; y)???? t???????????? pdf???????. ????????
??? (2.7)???????????????.
 ?????? Si ????, ??????????? S 0j ????????????
?????????.
 ????????? mi ?????????? (ui;x; ui;y)???????????
????????????????.
 ???????????????????????, ????????????.
????, ??????????????????? pdf???????, ??????
????????????????????????????. BPSK????????
????????????????????????, ?????? (x; y)? pdf???
?????,
hr(x; y) =
Z 1
0
x
2R
exp

  
2
x
22R

1p
220
 exp

 (x  x)
2
220

dx
Z 1
0
y
2R
exp

  
2
y
22R

 1p
220
exp

 (y   y)
2
220

dy (2.11)
??? x; y ???????????????? ui;x; yi;y ??????????, ? 2.7
???? h(x; y)? hr(x; y)????????, ???????????????????
??????????.
? 2.9, 2.10??????????????????, ??????????????
???????? 1????????????????? Eb
N0
????????????
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?, ? 2.11? Eb
N0
???????????? T ????????????????. ??
? 2R = 1=2???. ???, ??????????????????????????
??????????????, ???????????????????????. ?
?, AWGN??????????, ????????????????????????
??.
2.4 ??
????, ?????????????????? 2??????????????
????????????. ?????????, ????????????????
???????????????????????????????????????
???????????. ??, ????????????????????????,
?????????????????????????????????.
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...
1 2 Tt = −1 0
S0
S1
S2
S3
S1 S0
S1
S2
S3
S0
S1
S2
S3
A
B
C
D
...
B
A
C
D
D
B
A
C
*
*
survivor path at time   merge
 into incorrect state at time 0
survivor path at time   merge
 into correct state at time 0
A B
C D
* : A or B or C or D
t
t
State 0
State 1
? 2.3: ????????? (???=2)
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f(z, S0)
f(z, S2)
f(z, S3)
f(z, S1)
z0
f(z, S1)
f(z, S0)
f(z, S2)
f(z, S3)
t = 0 t = 1
f(z, S0)
f(z, S2)
f(z, S3)
f(z, S1)
f(z, S0) f(z, S3)
t = T
…
…
Probability of Error
Probability mass  converge 
to               and
? 2.4: ???????
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f(z, S0)
f(z, S2)
f(z, S3)
f(z, S1)
z0
f(z, S1)
f(z, S0)
f(z, S2)
f(z, S3)
t = 0 t = 1
Probability of Error
Probability of correctly 
decoding
Path memory length = 1
0
0
Contribution to 
the truncation error
Prob[         ] corresponds to the event 
'state 1 is survived at time t'
Prob[         ] corresponds to the event 
'state 0 is survived at time t'
t = 0 t = 1
t = 0 t = 1
? 2.5: ??????????????????????
17
? 2.6: ??????? (T = 1, AWGN)
? 2.7: ??????? (T = 2, AWGN)
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10-6
10-5
10-4
10-3
10-2
10-1
 1  2  3  4  5  6  7  8  9  10  11  12
Bi
t e
rr
o
r 
ra
te
Path memory length T
 truncation
w/o truncation
simulation
Eb/N0=2[dB]
4[dB]
6[dB]
8[dB]
? 2.8: ?????? T ?????????? (AWGN)
? 2.9: ??????? (T = 1, ??????????)
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? 2.10: ??????? (T = 2, ??????????)
10-3
10-2
10-1
 1  2  3  4  5  6  7  8  9  10  11  12
Bi
t e
rr
o
r 
ra
te
Path memory length T
truncation
w/o truncation
simulation
Eb/N0=2[dB]
4[dB]
6[dB]
8[dB]
? 2.11: ?????? T ?????????? (??????????)
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?3? ???????????????
?????????
3.1 ??
?????????????, ????????????????????????,
??????????????????. ????, ????????????????
?????. ????????, CSMA (Carrier Sense Multiple Access) ???????
??? [72]??, ???????????????, ????????????????
???????????????????????????, ????????????
???????????, ????????????????????????????
???, ?????, ??????????????????????????????
????.
?? [73{75]??, ??????????????????, ???????????
???????????????????????. ????????, ???????
????????????????????????????????????, ??
???????, ???????????????????????????????
?????????. ?? [76{78]????????????????????????
??, ?????????????????????????????????????
??????????????. ????????????????????????
???????, ???????????????????????????. ??, ?
? [79, 80]??, ????????????? (Signal to Noise power Ratio: SNR) ??
?????????????????????????????????????, ??
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????????????????????????. ??????, ????????
????????, ?????????????????????, ?????????
??????.
????, ????????????????????????. ?????????
?????????????.
 ?????????? : ?????????????????????????.
 ???????? : ???????????????????????????
??.
 ??????????? : ????????????????????.
???????????, ??????? QPSK???, ??, ???????????
???????????????. ??, ?????????????????????
?, ???????????????.
??, 3.2?????????????????, 3.3???, ???????????
????????????????????????????. 3.4???, ??????
???????????????????????, ???????. ????????
????????, ???????????????????????????????
??, ?????????????????????????, ???????????
?????. ?????????????????????????????????
????, ???????????????????. ???, ?????????? 3.5
??????.
3.2 ??????
?????? t??????????????? st, ?? 0, ?? 22 ???????
? nt, ???? 2I ????? it????, ????? rt????????.
rt = st + nt + it (t = 1; 2;    ) (3.1)
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????? [69]??, ??????????????????????????????
????????, ???????????????????????????????
?, ???????????????. ?????????? (Additive White Gaussian
Noise:AWGN) ??????, ????????????????????, ?????
???????????? rt ? st ??????m(st; rt)?????????????
??????????. ??, ??????????????????????????
???.
m(st; rt) = jrt   stj2 (3.2)
?????????????????, ?????????????, ???????
?????????????????????. ????, ?????????????
?????????????????, ????????????????. AWGN??
?????????????????????????????, ??????????
???????????????????. ?????, ??????????????
???????????????????????????????????????
?????????. ??????????, ?? [80]??, ????????????
?????????????????????????????, ??????????
????. ?????, ????????????????????, ????????,
???????????? 3????????????????????. ??????
???????????.
 ??????????
?????????????????? R????????, ?????????
?. ???????????????????m(st; rt)?????????. ??
?, j ????????.
m(st; rt) =
8<: m(st; rt) jrtj < Rm(st; r0t) jrtj  R (3.3)
r0t = R exp (j arg(rt)) (3.4)
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 ????????
?????????? P ??????????????????????. ??
???????????????????????????.
m(st; rt) =
8<: m(st; rt) jrtj < P0 jrtj  P (3.5)
??, ??????????????????????????????????
??? 0?????, ?????????, ?? t???????????????
?????????????????????????????????????
?????????????????.
 ???????????
??????????, ???????????? 2M ????????????
????????????????. ????????????????????
???????????.
m(st; rt) =
8<: m(st; rt) m(st; rt) < 2M2M m(st; rt)  2M (3.6)
????????????????????????????????, ???????
??????????????????????, ? 3.1??????????????
??, ??????????????????????????????????, ??
?????????????????????????????????. ????, ?
???????????, ????????????????????????????
?????, ??????????????????????????????????
?????????????????????, ??????????????????
???????????????????????????????.
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Re
Im
(a) Amplitude Limiting
Received SymbolSignal Point Clamped Symbol
Re
Im
(c) Metric Limiting
ηM
ηR
θ
rk
rk
Re
Im
(b) Puncturing
ηP
? 3.1: ???????????????
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3.3 ???????????????????????
????, ??????????, ????????, ???????????????
?????????????????????????????????. ??????
???????????????, ??, ?????????????????????
????????????????????????????????.
? 3.2{3.4 ???????????????, ????????????????
???????????????. ??????????????????????
 (= R; P ; M)???, ????????????????? 1=2, ??? 7?????
?, ??????? QPSK, ?????? AWGN???????, ?????, ????
????????????, ????????????? (3.3), (3.5), (3.6) ??????
???. ??, ???? jstj = 1???. ???, ?????????? ???????
?????. ??, ?????????????????????? (Squared Distance)
???????????????????. AWGN???????, ?????????
??????????????????, ?????????????, ???????
????????, ???, ? 1  2, ??????????????????????
?????????????????????. ??, SNR??????, ??? ??
?????????. ??, ????????? ?, AWGN????????????
???????????????  ?? SNR???????. ???, SNR=4dB??
?? R = 2:0, P = 2:75, M = 2:25??????.
3.4 ?????????????????
3.4.1 ??????
????, ???????????????????????????????.
AWGN???????QPSK?????, ??????? (Signal to Interference power
Ratio:SIR) ??, ?????????????????????. AWGN??????
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SNR=0[dB]
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SNR=0[dB]
1[dB]
2[dB]
3[dB]
4[dB]
10
10
10
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0
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5[dB]
SNR=0[dB]
1[dB]
2[dB]
3[dB]
4[dB]
10
10
10
10
10
10
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2
0
-1
-2
-3
-4
-5
Squared Distance
Metric Limiting
? 3.4: ??????????? (???????????)
???????????????????, N ??????????? 1???????
????? 1. ?? t = 1; N + 1; 2N + 1;    ??????????????, ?????
???????????? t???? 0???. ?????? Pb????????, ??
???????????? 1???????????????????????, ???
L??????XL?????X 0L???????????? [81].
Pb 
1X
L=1
X
XL
X
X0L 6=XL
B(X 0L)P (XL)P (XL !X 0L) (3.7)
???, B(X 0L)?????X 0L ????????????????????, P (XL)?
??XL?????, P (XL ! X 0L)?????????????, t = 1???????
???XL ?????X 0L ?, t = L??????????X 0L ??????????.
??????????, XL,X 0L?????????????????????????
????????????????????. ?? [82]??, ????, ???????
???????????????????????, ????????????????
??????????????????????, ?????????????????
1????????????, ????????????????????????????, ????
?????????????????.
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???, ????????????.
????????, ???????? K ???????????????????,
Pb ???????????????. ??, ?? 2I ???????????????
??? t = 1; N + 1; 2N + 1;   ????????????. ?? t?????????
? t ??,  = 1; N+1; 2N+1;    ???????????????????????
P (XL !X 0Lj)????, P (XL !X 0L)??????.
P (XL !X 0L) =
Z

P ()P (XL !X 0Lj)d (3.8)
???, ????? t ???? K ?????????, ????? t;k = 2 (k 1)K (k =
1;    ; K)??, t;k ?????? P (t;k)????, L < N ?????????????
???????????.
P (XL !X 0L) 
KX
k=1
P (1;k)P (XL !X 0Lj1;k) (3.9)
????????????????? P (t;k) = 1K ???. ????, P (XL ! X 0Ljt;k)
?????????????????????Z??????? pZ(Z)?????Z > 0
???????????????, ???????.
P (XL !X 0Ljt;k) =
Z 1
0
pZ(Z)dZ (3.10)
Z =
LX
t=1
zt (3.11)
zt = m(st; rt) m(s0t; rt) (3.12)
???, m?? (3.3)-(3.6)????????????, st; s0t??????XL????
???X 0L ??? t??????????. ?? L < N ??????????????
?????, L  N ????? (3.7)?? 1????????????, ???????
?????????, ??????????????????????????????
?????????. ? (3.11)???? pZ(Z)??????????????????
??????????, ????????? Z ?????? Zn????, ??????
??? Gram-Charlier???? [83]??????? pZ(Z)?????.
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3.4.2 ??????
???? X ??? pdf f(X)?????????, ?? n? (???)???????
???????.
X
n
=
Z 1
 1
Xnf(X)dX (3.13)
??????, ????X ? pdf???????, ?????????????????
????????? pdf??????????????????. ??????????
??????????, ?????????? n?????????? pdf?????
?????. Gram-Charlier???????????? f(X)????????????
f(X)??????????????, ??????????????????????
??????????????. Gram-Charlier?????? X ??????????
????? Chebyshev-Hermite???Hen(X)??????????????????.
??????? 1, ?????????????????? pN(X), Gram-Charlier??
????? cn??????????????.
f(X) =
1X
n=0
cnHen(X)pN(X) (3.14)
Hen(X) = n!
[n
2
]X
m=0
( 1)m(X)n 2m
m!(n  2m)!2m (3.15)
cn =
[n
2
]X
m=0
( 1)m(X)n 2m
m!(n  2m)!2m (3.16)
???, ???? Z ???????????. ???? Z ???, zt ??????
Zn; znt ????
Z =
LX
i=1
zi (3.17)
?????????????, Z ? n??????????? at(t = 1; 2;    ; L)???
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??????????.
Zn =
X
a1++aL=n
n!
a1!    aL!z
a1
1    zaLL (3.18)
znt =
8>>>>>>>><>>>>>>>>:
Z 2
0
Z 1
0
(zt)
nf(rt; tjk)drtdt
(t = 1; N + 1; 2N + 1;    )Z 2
0
Z 1
0
(zt)
nf(rt; t)drtdt
(otherwise)
(3.19)
???, f(rt; tjk)?????? k ????????????, f(rt; t)??????
???????????????? rt, ?? t?????????????. ???, ?
???????? t = 1; N + 1; 2N + 1;    ?????????????????? znt
???, ??????????????????????????????? znt ???,
? (3.18)??????? Zn?????.
??, ???????????????????????????????. XL, X 0L
???????? t = 1????, s1; s01 ???????? 2s???. ???, ? 3.5?
??? st = s exp (j0), s0t = s exp (j)?????? S ????, ????? S ????
??????? r,??? t??????????? f(rt; tjk), ??? zt??????
???. ????????????????????w????, w = jwj exp (j0)??
??????? S 0 ?????, S 0 ??????????? r0t,?? 0t ????????
?????????, r0t = rt; 0t = t   ??, f(rt; tjk)????????.
f(rt; tjk) = rt
22
 exp

 rt
2 + jwj2   2rtjwj cos(t   )
22

(3.20)
 = tan 1
I sink
s+ I cosk
(3.21)
jwj =
q
s2 + 2I + 2sI cosk (3.22)
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Received Signal Point Modified Signal Point
Signal Point
10
11 00
01
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Re
w
nt
rt
ε
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σI
? 3.5: ????????? st, s0t, w
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??????????????, ? (3.19)??????? 3.6????, ???????
????? M ??????, ??? 4????????.
 za : ??????????????.
 zb : ??? st????????????????.
 zc : ??? s0t????????????????.
 zd : st; s0t????????????????.
?????, znt ????????????????? zna ; znb ; znc ; znd ??????????.
znt = z
n
a + z
n
b + z
n
c + z
n
d (3.23)
zna =
Z 2
0
Z ga(t)
qa(t)
(zt)
nf(rt; tjk)drtdt (3.24)
znb =
Z 2
0
Z gb(t)
qb(t)
(zt)
nf(rt; tjk)drtdt (3.25)
znc =
Z 2
0
Z gc(t)
qc(t)
(zt)
nf(rt; tjk)drtdt (3.26)
znd =
Z 2
0
Z gd(t)
qd(t)
0nf(rt; tjk)drtdt (3.27)
???, ? q; g? M , ??????? s (s > 0)????????? t ??????, ?
????????????, ??????????, ????????????????
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Re
Im
st
za zb zc zd
Signal Point
(a) |st| >
(b) |st| <
Re
Im
stst
st
? 3.6: ????????????????
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???????.
znt = z
n
a + z
n
b + z
n
c + z
n
d (3.28)
zna =
Z 2
0
Z ga(t)
qa(t)
( 4rts cos t)n
f(rt; tjk)drtdt (3.29)
znb =
Z 2
0
Z gb(t)
qb(t)
(2M   r2t   s2   2rts cos t)n
f(rt; tjk)drtdt (3.30)
znc =
Z 2
0
Z gc(t)
qc(t)
(r2t   2rts cos t + s2   2M)n
f(rt; tjk)drtdt (3.31)
znd =
Z 2
0
Z gd(t)
qd(t)
0nf(rt; t   jk)drtdt (3.32)
????????????????????, ? (3.20)????????????QPSK
??????? 2I = 0;  = 0??????????????, SNR????????,
????????????, ??????????????????????????.
????, ????, ??????????????????????????????
???, ?????????????????????????????. SNR????
?????????, QPSK???????????????, ? (3.2), (3.18)????
?????.
3.4.3 ?????
? 3.7-3.12??????????????? Pb??????????. ???????
??,???????????????????????????????Gram-Charlier
?????????????. ???? 1=2, ??? 7 ??????, ???????
QPSK???, N = 100, SIR=-15, -10, -5dB??, Gram-Charlier??????????
????????? 15??????????????. ??, ????????????
????K ? 8?????, K ? 8???????????????????????
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? 3.9: SIR= -15dB (????, ???????????)
???. ??, ?????????????????????????????????
????????. ?????,
 N ????????, ????????????????????, ?? N ???
????????????????????????. ??????????? N
???????, ??????????????????,
 ?????????????????????????????????????
????, ???????????????????????????, ????
??????????????, ?????. ???, ?????????????
??????????????????????, ?????, ?????????
?????????????????? 1??????????, ???????
????????????????????????????????.
? 3.1?????????, ?????????????? SNR??????????
?????, Amplitude Limiting, Puncturing, Metric Limiting???????????
????, ????????, ?????????????????. ??, ? 3.2-3.4?
??????, ?????  ????????, AWGN??????????????
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???. ???,  ???????????????????????????????
??,  ????????????, ???????????????????????
?. ????, ? 3.1???? ?, AWGN????????????????????
??  ?????, ???  ? SNR???????????????. ??, ????
???????, ???????????????????????????????
?. ? 3.7-3.9??????????? (Amplitude Limiting) ????????????
(Metric Limiting), ? 3.10-3.12????????? (Puncturing) ??????????
????????????. ??????????? SNR=03dB? SNR?????
??????, ????????????????, ????????????????
???, ????????? 10 5 ????????????? SNR=4dB??????
????, ???????????????????????????????????
???, ??????????, ??, ??????????????????????
????????????????????, ????????????????. ??
?, SIR??????????????????????????, ?????????
???? SIR????????????????, ???? SIR??????????
?????????????????????. ??, ?????????, SIR=-10dB
????????????????, SIR=-15dB?????????????????
????????????.
??????????????????????????? 3.13???. ? 3.7-3.12?
???????, N = 100, SIR= -15,    , 0 dB, SNR=6dB, R = 1:2, P = 2:0, M = 1:8
???. ?????, ???????????? SIR???????????????
?????, SIR=-9dB???????????????????????. ???, ?
?????????, ????????????????????????????,
SIR=-9dB?????? 1????????????????????, ???????
????? R ? SNR??????????????????????. ??????
????, ???????????????????????, SIR=-10dB??????
????, ????????????????????????, ??????????
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???. ??????, ??????????? SIR=-15dB?????, ??????
????????????????, ?????????????????, ?????
??????????????????, ????, ????????????????
?????????? 0??????, ???????????????????, ??
????????????????. ?????????????, ????????
SIR=-10dB?????????, ????????????????????????
? 0?????, ???????????, ???? 3.6{(b)?????? Zd?????
????????????. SIR=-9,   , -6dB???????, ???????????
???????????? 0???????, ???????????????????
??, ??????????, ???? 3.6{(b)?????? Zb; Zc ?????????
????????. ???, ???????? SIR=-10dB???????, ??????
?????????????????? 0????????????????, SIR=-9,
   , -6dB?????, ?????????????????????????????
???????????????????????????????. SIR=-5dB???
???????, ???????????????????, ???? SIR?????,
???????????????????????????????????????
??, ????? [79,80]??????????, ??????????????????
?????????, ????????????????????. ??, ??????
?  ???, ???????? AWGN???????????????????,  ?
SNR????? SIR????????????????????. ?????? SNR?
SIR???????????????? ??????????, ? 3.1???????
???????? ????, ???????????. ??????, ???? 3.1?
?????????????, ???????? AWGN???????, ??????
??????, ????? SNR? SIR??????? ??????????. ???
????????, AWGN???????????????????????????
???????????????, ????????????????????????
??????????????????????????????.
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? 3.1: ????????????????
SNR[dB] Amplitude Puncturing Metric
0 2.00 3.05 2.50
1 1.87 2.92 2.42
2 1.72 2.70 2.25
3 1.62 2.57 2.18
4 1.48 2.35 2.05
5 1.36 2.22 1.95
6 1.20 2.00 1.80
7 1.12 1.85 1.60
8 1.05 1.75 1.52
3.5 ??
?????, ????????????????????, ????????, ????
?????????????????????, ??????????????. ???
??????????, ?????????????????????????????
????????????????, ?????????????, ?????????
??????????????????????????????????????. ?
?, ?????????????????, SNR??????????????????
?????????????????.
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?4? Spinal???????????
?????????
4.1 ??
????????????????, ??????????????, ???????
?????? (Signal to Noise Power Ratio:SNR) ?????????????????
?. ??????, ??????????????????, ??? SNR???????
???????????????. ?????????????????, ??????
???????????????????????????? [59{62]. ???????
? LAN?????? 802.11 [29]???????????, SNR????, ??????
????????????????????, ???????????????????
????, ???????????????????????????????????
?????. ??????, ???????????????????????????
????????, SNR????????????????. ??, SNR???????
?????, ??????????????????????????????????
????, ?????????????????. ?????????????????
????????????????????????? [63]????????. ???
?????, ?????????????????????????, ????????
???????????????????????????????????????
??????. ???????????????, ?????????????????
?????????????, ????????????????????.?????
???????????????????????????????????, SNR?
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?????????????. ????????, ?????????????????
???, Tornado?? [64], LT?? [65]??????????????. ???????
??????????????????????????? Raptor?? [66]????
?, Raptor????????????????????????????. Raptor??
? LDPC?? [41]? LT????????????????, LT?????????
? AWGN??????????????????? [67]??????????. ??,
LDPC???????????????? Hsu-Anastasopoulos?? [84, 85]?????
??????, ??????????????????????????????, ??
????????????????????????. ??????, Perry?????
??????????????? Spinal?? [68, 86, 87]??????????????
????ML (Maximum-Likelihood) ???????????, AWGN, ???????
?????????????? [88]??????. Spinal?????????????
??????????????????????????????, ?? [86]?????
???????? Beam-algorithm, M-algorithm??????????. ???????
??????????, ?????????????????????????, ???
????????????????????????, ???????????????
?????????????. ????, ?? [86]?????????????????
????????????????????????????????????, ???
??????????????????????????????? (bits/symbol) ??
??????????????????. ??????, ??????????????
??????????????????????????????????, ?????
?????????????????????????. ??????????????
????????, ??????????????????? [89]?????? [69]?
?????????????, ??????????????????????????
???????????????????????? [16]. ????, Spinal?????
?????????????????????, ??????????????????
?????????????, ??????????????????????????.
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...
...
? 4.1: st?????
4.2 Spinal????????
4.2.1 Spinal??????
Spinal??? 2011?? Perry?????????????????????????
??, ?????????????????????????????. ??, ?? LAN
?????????????????????, ?????????????, ????
???????????????. ???????, LDPC?????????????
?????????????????, ? ML??????????????????
???. ???, ??????????????????, ?????????????
???????????????????????? [86]????????. ??, ?
???????????????????????????, ????????????
pair-wise??? [90]??????????????, ??????????????? st
???????????????????. ???????????????, ????
??????????????, Spinal??????????????????????
????, ?? [88]?????, ?????????????????????????
??? pair-wise????????????, Spinal????????????????
?????????. ??, ?????????????????????????, ??
????, ??????????? Jenkins? one-at-a-time?????? [91]????.
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????????????????????????????. ?? t???? v??
????? st = f0; 1gv, k?????????mt+1 = f0; 1gk???????? h???
?, ? (4.1) ?????? t+ 1???? st+1?????.
st+1 = h(st;mt+1) (4.1)
??, st??????????, Nmsg?????????M ? h???????????
???. ??, M ? k??????Nk(= bNmsgk c)?????????mt (t = 1;    ; Nk)
????, ????????? s0, ???????m1 ? h?? t = 1????????
? s1????. ?????, t = Nk?? st 1, mt? h?? st?????????. ? 4.1
? st ???????????, st 1 ???????? mt ?? st ??????????
????????. ???, st ? 2C ?????????, ?????????????
?????????????. ??, st ????????????? 2C ???????
?????????????? [86]????????, ?????????????, ?
?????????????????????????????????. Spinal???
???????????????????????, ????????????????
???????, ????????????????????????????????
?????.
? 4.2??????????????????????????. Spinal??????
??????????, ???? 2C ?????? C ????????, ??? C ???
???????????????????????. ?? [86]??????????, ?
??????????????????? (Quadrature Amplitude Modulation:QAM),
???????????????????????, ???????????????
?????????, ??????????????????? QAM????. ???
??? xi;j ????, j ? pass count???, i????????????. ?????
x1;1; x2;1;    ; xNk;1; x1;2; x2;2;    ?????? pass count j ???? Nk ???????
?????, pass count j ????????????? pass count j + 1???????
?????????. ?????????????????????, ????????
??????????????????????????. ??????? ????
47
?????????????????, ??? R (bits/symbol)? R = Nmsg

???, pass
count l??????????????????.
R =
Nmsg

=
Nmsg
Nkl
=
k
l
(4.2)
?????????????, R?????k?????????. ??????k????
????,????????????????????????????????????,
?? [87]?? k = 4????????. ????, ???????? 4 (bits/symbol)??
?????, SNR??????????,??????????????????????
???????. Spinal??????????????????????????????
???????, ?? pass count?????????????????????????.
Nk ? 8??????????, q1 = 8; q2 = 4; q3 = 6; q4 = 2; q5 = 5; q6 = 1; q7 = 7; q8 = 3
????, ??????????????????????????????????
??.
1. pass count j = 1???.
2. ????????????????? v? v = 1???????,xi;j(i = 1;    ; Nk)
???????????.
(a) ???? xv+8u;j(u = 0; 1; 2;    ; Nk8   1)?????. ??????????,
?????????? 2.(b)?, ????????????????????
??????????????.
(b) v < 8???? v??? +1??, 2.(a).?. v = 8???? 3.?.
3. j ??? +1?? 2.?.
??, ?????????????? xi;j ??????? yi;j ???????????,
????????????????????????????????????????
??? 0????????.
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4.2.2 Spinal??????
Spinal??????????????????????????, ??????? yi;j,
??????? xi;j, si ???? s^i;j, ?????????? x^i;j(s^i;j),???? Spinal?
??????????????????? V ?????? s^i;j ????????.
V =
lX
j=1
NkX
i=1
jyi;j   x^i;j(s^i;j)j2 (4.3)
?????, ??????????????? [68]????M-?????? [92]???
?. ??, ???????????????????????????????, ???
??????? [93]?    ??? [87]?????????????.
4.3 ????????????
4.3.1 ???????????
???????????????, ??????????????????????
????????? i ? Nk ???????????????????. ????, ?
?????????????????????????. ???, pass count l????
x1;1; x2;1;    ; xNk;1; xNk;1 ????, i = Nk ????????????????????
?????. ????, ???? Ntail ????????????? R?
R =
Nmsg
(Nk +Ntail)l
(4.4)
???, ???? 2.(a)???? v = 1?????????????????????. ?
?, ? (4.3)?????????????????????????????????.
V =
lX
j=1
Nk+NtailX
i=1
jyi;j   x^i;j(s^i;j)j2i;j (4.5)
??? i;j ? yi; j ?????????????????????? i;j = 0, ?????
?????? i;j = 1???.
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4.3.2 ??????????????
? (4.4)????????, Nmsg?Ntail????????????????, ????
??????????????????????. ????, ?????N ??????
???????????????????????. ????????????????
??????, ?????????????????????, ????? [16]????
???????????????????, ????????????????????
????????????????????. ???, ???????????????
??????????????????????, Spinal??????????????
??????????????????????? [86,87]. ???, ?????, ??Nk
?????????????, ??????????????????????????
?????, ???????????????????. ??????????????
?????????? Spinal??????????, ???????????????.
??, ? 4.4???? Nk ???????????????????????????
?????W1, W2????, ?????????????? pass count? j1; j2??, ?
?????????????????? v1; v2 ???. ???, Nk ????????, ?
??Nt?Nt = Nk=2???. ???????????????, W1?W2??????
?????????????????, ???????????????????W1?
???????. ??, ??????????????W1;W2 ?? 4.4???????
??????????, W2????W1?????, ????????????????
??????. ??????????, W1, W2 ??????????????????
?????, W2? pass count ? j1 > j2???????W2??????? x0i2;j2 ???
????, j1 = j2 ???????W1;W2 ??????? xi1;j1 ; x0i2;j2 ????????
?. ??????????????????????????????????.
1. pass count j1 = 1; j2 = 1??, v1 = 1; v2 = 1???.
2. j1 > j2?? 2.(a), j1 = j2?? v1 > v2?? 2.(b), j1 = j2?? v1 = v2?? 2.(c)?.
(a) ????W2 ??????????? x0v2+8u;j2(u = 0; 1; 2;    ; Nt8   1)???
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??. ??????????, W1????????????????????
? 2.(a).i?, ???????????? 3.?.
i. v2 = 8?? j2??? +1?, v2 = 1??? 2.?. v2 < 8?? v2??? +1
?? 2.?.
(b) ????W2 ??????????? x0v2+8u;j2(u = 0; 1; 2;    ; Nt8   1)???
??. ??????????, W1????????????????????
? 2.(b).i?, ???????????? 3.?.
i. v2 < 8?? v2??? +1?? 2.?.
(c) ???? W1;W2 ??????????? xv1+8u;j1 ; x0v2+8u;j2(u =
0; 1; 2;    ; Nt
8
  1) ?????. ??????????, W1 ??????
??????????????? 2.(c).i?, ???????????? 3.?.
i. v1 = v2 = 8?? j1; j2??? +1?, v1 = v2 = 1??? 2.?. v1 < 8??
v2 < 8?? v1; v2??? +1?? 2.?.
3. ?????????????, ?????W1????????? spine???W2
????????, W2????????? spine??????????. ????
?, W1 ???? W2 ????? j1 = j2; v1 = v2 ????, W2 ????????,
j2 = 1; v2 = 1??? 2.?.
??, ?????????????????????????????????????
????????????????????. ??????, ???????????,
?????????????????????????, ??????????????
?????????????????, ??????????????????????
?????????.
??? ?????????????????????????????????.
C = 6; k = 4, M-???????????????????? B = 64, Ntail = 1??, ?
???????????, ????????????????????????, AWGN
?????????? (bits/symbol) ????.
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? 4.5-4.8. ? Nmsg = 256; 128; 64 ??????? SNR ????????????
?, ??? Capacity ? AWGN ?????????, Tail ????????????
?, Sliding Block???????????????????????????. ???,
Nmsg = 256; 128??????????????????, Nmsg = 64????????,
0.2|0.6 (bit/symbol)????????, ??????????????? Nmsg ???
??????????????. ??, ????????????????????, ?
????????????????????, Nmsg ????????, ????????
???????????.
? 4.8? SNR? 10; 20; 30dB????, N ? 64; 128; 256?????????????
???????Rd??????,?????????????????????????
Rs, ????????????????Rt????Rd = Rs Rt??????. ???,
Nmsg = 256??????? SNR?????, ????????????, Nmsg = 128; 64
?????????????????????????????????, ?? Nmsg ?
????????????????????????????????????????.
4.4 ??
????, Spinal??????????????????????????????
?. ????, ??????????????????????, ??????????
??????????????????, ?????????????????????
??????????????????.
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We determine the best path
in the forward block.
When the forward window is decoded,
the window is then shifted to the next block.
? 4.4: ??????????????
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? 4.5: ?????? Nmsg = 256???????
? 4.6: ?????? Nmsg = 128???????
55
? 4.7: ?????? Nmsg = 64???????
? 4.8: ?????? Nmsg ?????????
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?5? Spinal???????????
??
5.1 ??
Spinal?? [68, 86]???????? [63, 65, 66]??????????, ??????
?, ?????????? (Additive White Gaussian Noise:AWGN) ?????????
?????????????. Spinal???????????????????????
???????????????, M-?????? [68, 92], Beam Search [86], - ??
? [87]???????????????. ????????????????????
???????????????, ????????????????????????
????????, ???????????????????????????????
??????????????????.
???????????????, ???????????????????????
?????? [89, 92]?????????????, ????????????????
???, T-?????? [94], ????????????????????? [95]???
????, ???????????????????????????????????
????? [96].
???? Spinal?????, ???????????????. ??, ???????
???, ?????????????????, ??????????????????
???????????????.
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5.2 ????????????????
Spinal?????????????, ???????????????. ?????
i(= 1; 2;    ; Nk), ?? i???????????? Bi??, B1; B2;    ; BNk ?????
B ???. ??????????????????????????????????
????????????????. ?? [86]?????????????M-????
??????????, ?????????????????????????????
???????, ?????????????????????????????. ??
??????????????????M-??????, ?????????????
???? T-??????, ???????????????????????????
??.
M-?????????? i???????????????????? BM ????
???????????, ?????????. ??, ?? i????????? BM ?
?????????????????? i+1???. ????, BM2k????????
??????? BM ??????????????. ????? i = Nk ??????,
i = Nk ????????????????????????????????. ???,
M-??????????BM ????????????????, ????????BM
??????????????????????.
? 5.1????????????? C = 6, Nmsg = 64, k = 4, Ntail = 1??????
BM ????????? R????????????????????, R? AWGN?
??????, ???????????????????????. ??? BM ????
???????????????????????????????, BM = 64???
??????????????????????. ??, BM ??? 8, 16 , 32????
????????????????????????, ???,
 i???????????????? i + 1???? 16(= 24)?????????
?????????
 ???????????????????????????????
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 BM ? 16????, ???????????????????, ????????
????????????
???????????.
5.2.1 T-??????
T-???????, ?? i?????????????????mmin;i???????
????, Bi2k ?????????????mi (i = 1; 2;    ; B2k)????
mi  mmin;i < Tth (5.1)
??????????????????. ???, Tth????????????????
??????. T-????????????????????????????????
??, Spinal??????????????????????????????????
?????????, Spinal????????????????????????. ???
?, ??????????????????????????? 2.(a)???? pass count
j = 1????????,??????????????? i 6= 8+8u(u = 0; 1;    ; Nk
8
 1)
???? 0???. ????, ??????? 7????????????????? 0
???, 2112????????????????????????????????. ?
???, pass count ? j = 1?????, ?????????????????????
????, ??????????????, ?????????????????. ??
?, ??? (i; j)???????????? Bmax ?????????????????
????, ?????????????????????. ?? pass count ? j  2??
??????, ?????????????????????????????, j   1?
??????????????????????????????, ?????????
????????????.
? 5.2?? 5.1?????????, ??????????????????????
B? Tth???????????????????????, Bmax = 256???. ???
????????????????????????, ???????????????
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???, ??????????? (Signal to Noise power Ratio:SNR)=20, 30dB????
? B ??????????. ?????????????????? Bmax ?????
??????, pass count j = 1?????????????????????????
?????, ????
 Tth????????????????????????
 pass count j = 1????, ??????????????????????? i?
?????????????? 16??????, ???????????????
??????? i??????????????? 16(= 24)??????????
? Bmax = 256???, ??????????????
 ?????????????, ???????????????????????
?????????????????, ?????????????, B?????
 ??? Tth ???????? i???????????????????????
?, B ???????
??????????, ?????????????????????????????
??????????????????. Tth = 0:25; 0:75; 1:25; 1:75??? 4?????
??, ??????????????????????? x5+8u; x1+8u; x7+8u; x3+8u ??
???. ?? SNR=10dB????? B ???????????, ??? SNR=10dB?
???? pass count ? j = 1?????????, j  2?????????????,
???????????????????????????????.
5.2.2 ?????????????????????
T-??????????????????????????????, ???????
??????????????????????????????????????, ?
???????????????????????????????. ??, ?????
?????????????????????????, ??????????????
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? 5.1: BM ??????? R
?????????????. AWGN???????, ?????? xi;j ???????
???? ei;j ???. ????, ????????????? Vc? yi;j = xi;j + ei;j ???
????
Vc =
lX
j=1
Nk+NtailX
i=1
jyi;j   xi;jj2i;j
=
lX
j=1
Nk+NtailX
i=1
jei;jj2i;j =
X
j=1
jejj2 (5.2)
???, ????, ????, ?????????? Vc ???? 2?????????
??. ???, ???? (i; j)??????????????????????????
?. ???? ej ?????, ?????????????? 0, ?? 2 ???????,
Vc??????? FVc(Vc;)???? ???????????????? Fchi(z; )?
????????.
FVc(Vc; 2) = Fchi(
Vc
2
; 2) =
(; Vc
22
)
 ()
(5.3)
???, ??? (; )????????????,  ()???????????. ?? i,
pass count j ????, ???????? i;j ???????????????????
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???, pass count j, ?? i  1????????????????????, ?? i??
??????????????? pe?
pe = 1  FVc(i;j; 2)
= 1  (;
Vc
22
)
 ()
=
 (;
i;j
22
)
 ()
(5.4)
???. ???,  (; )???????????????,  (a; x) + (a; x) =  (a)???
?. ???
Q(a; z) =
 (a; z)
 (a)
(5.5)
????,
i;j = 2
2Q 1(a; pe) (5.6)
???. ????, ???????????????? pe, ???? 2, (i; j)?????
????????????????????? ??????????? i;j ????
??. ??, ????????????????????? T-????????????
???, ?????????? Bmax????, Bmax???????????????.
? 5.3?? 5.2?????????, pe? B????????????. ??? T-??
???????? pass count j = 1??????????????????????, ?
?, SNR??????????????????????? 64???????????
???.
5.2.3 ????
????, M-??????, T-??????, ??????????????????
???????????. C = 6, Nmsg = 64, k = 4, Ntail = 1, BM = 64Bmax = 256?
?, T-??????, ??????????????????????????????
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? 5.4: ????????????? (AWGN)
????, SNR???????????????. ? 5.4??????????????
?????, ??? Capacity? AWGN?????????, M-algorithm, T-algorithm,
Metric?????M-??????, T-??????, ????????????????
???????????. ? 5.1????????????????????????
?, ?, ??? T-algorithm?M-algorithm??????????????, ??? SNR
????M-algorithm?????????????????????????????.
??, ????????????????????, ????M-algorithm??????
?, M-algorithm????????????????, ???????????????
????????????????.
5.3 ???????????????????
?????????????, ????? (bits/symbol)?????????????
? SNR???????, ??????? SNR??????????. ???, ????
SNR???????????????????????????, ?????????
?????????, ????? SNR???????????????????. ??
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? 5.1: SNR????????????? B(AWGN)
SNR[dB] T-algorithm Metric
5 30.4 30.2
10 24.4 35.6
15 13.0 26.5
20 14.3 18.2
25 20.5 14.9
30 21.6 27.2
?? SNR???????????????????????. ???????????
?, ???????????????, ??????????????????.
?????????????, ?????????????????????????
??, ???????????????????????????, ?????????
????????????????. ???????????????????, ???
????????????????????????, ???????????????
???????????????. ???, ????????????????????
????????, ?????????????????????????????. ?
????????, ???????????????????????????????
???????, ????????????????????, ??, ????????
??????????? SNR????????????, ?????????????
???????????????????????????????????????
???. ?????????????????????????.
1. ? SNR??????????????????, ?????? opt, ?? SNR??
?????????????? R?? (opt; R))?????????, ?????
??? R????????????
2. ?? t???????????????? , ??????? Nmsg ??, ????
? ???????????????? R() = Nmsg

????
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? 5.2: SNR????????????? B (??????????????????)
SNR[dB] T-algorithm (count) Metric (count)
5 28.5 50.6
10 37.8 33.7
15 32.7 26.1
20 18.8 17.5
25 17.0 14.2
30 13.0 27.7
3. ???R()????, ?????? i??????Ri(opt)????, Ri  R() <
Ri+1 ??? Ri ???????????, ?? t???????????????
???????
??????, ?????????????????????????????????
???????????????????????????????, ?????, ??
???? T-??????, ????????????????????????, ???
????????????????????. ? 5.5?? 5.4?????????, M-?
????? [M-algorithm], T-?????? [T-algorithm], ?????????????
? [Metric], ??? T-?????????????????? [T-algorithm(count)], ??
????????????????????????????? [Metric(count)]???
?????????, ? 5.2?? SNR??????????????????????
????????. ??, ????????????????????????????
?????????. ?????????, T-??????, ????????????
???????????????????????????????????????
????????????????????????????, ????? SNR???
????, ????????????????????????????????.
? 5.6-5.9?? 5.4?????????, ????????????????????
?????, ???????,AWGN???????????????????????
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? 5.5: ????????????? (??????????????????)
??????????. ??, ? 5.3-5.3??????????????. ??, ????
????? AWGN?????????????, ?????????, ???????
??????????, ???????? (Signal to Interference power Ratio : SIR) =
0, -5[dB]???????????????????????. ??, ?????????
1??????, ??????? ( 0)?  = 0:1; 0:01??????????????
????????????????????.
f() =  exp( ) (5.7)
????????, ???????????????, ??????????????
????????????????????????????, ???????????
? T-algorithm, Metric??????????. ???, ??????????????
?, AWGN??????????????????????????????????,
???????????????????????????????????????
??????????????????????????????????. ?????
?????, ?????????????? 64?????, ?????????????
??????.
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? 5.6: ????????????? ( = 0:1, SIR=0[dB])
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? 5.7: ????????????? ( = 0:1, SIR=-5[dB])
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? 5.8: ????????????? ( = 0:01, SIR=0[dB])
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? 5.9: ????????????? ( = 0:01, SIR=-5[dB])
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? 5.3: SNR????????????? B(?????,  = 0:1, SIR=0[dB])
SNR[dB] T-algorithm Metric T (count) Metric (count)
5 1.0 50.3 29.9 50.6
10 1.0 34.5 37.2 33.6
15 1.0 26.8 33.3 27.0
20 1.4 17.7 18.8 18.2
25 3.8 13.0 16.9 13.7
30 8.8 26.8 12.7 27.4
? 5.4: SNR????????????? B(?????,  = 0:1, SIR=-5[dB])
SNR[dB] T-algorithm Metric T (count) Metric (count)
5 1.0 49.0 28.0 49.3
10 1.0 35.0 36.7 32.9
15 1.0 25.5 33.1 26.0
20 1.5 17.7 18.6 18.1
25 3.6 13.7 17.4 14.7
30 8.9 26.0 12.8 28.5
? 5.5: SNR????????????? B(?????,  = 0:01, SIR=0[dB])
SNR[dB] T-algorithm Metric T (count) Metric (count)
5 1.0 50.3 29.9 50.6
10 1.0 34.5 37.2 33.6
15 1.0 26.8 33.3 27.0
20 1.4 17.7 18.8 18.2
25 3.8 13.6 16.9 13.7
30 8.8 26.8 12.7 27.4
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? 5.6: SNR????????????? B(?????,  = 0:01, SIR=-5[dB])
SNR[dB] T-algorithm Metric T (count) Metric (count)
5 1.0 49.0 28.0 49.3
10 1.0 35.9 36.7 32.9
15 1.0 25.5 33.1 26.0
20 1.5 17.7 18.6 18.1
25 3.6 13.2 17.4 14.7
30 8.9 26.0 12.8 28.5
? 5.7: SNR????????????? B (??????????)
SNR[dB] T-algorithm Metric T (count) Metric (count)
5 7.1 36.2 7.7 33.6
10 1.8 29.6 29.2 34.6
15 1.1 0 36.6 0
20 1.0 0 39.0 0
25 1.0 0 38.4 0
30 1.0 0 38.4 0
? 5.10?? 5.4??????????, ?????????????????????
???????????????????????, ? 5.7?????????????.
??, ????????? AWGN?????????????, ??????????
????????????????????????????  ????????,  ?
????????????. ??????????????? 2R = 1=2???.
f() =

2R
exp(  
2
22R
) (5.8)
??????, ????????????????????????????????
???, M-algorithm? T-algorithm(count)???????? 0.2-0.5(bits/symbol)??
????????. ??, ?????????? 64?????????, ??????
T-algorithm???? 1.0, Metric???? 0????????, ???????????
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? 5.10: ????????????? (??????????)
????????????????????????. ??, ????????????
??????, ??????????????????????????, ??????
?????, ?????????????????????????.
5.4 ??
????, ????????? T-??????, ?????????????????
?????????????? Spinal?????????????. ????, ????
?????M-?????????????????????????????????
?????????????????????. ??, ???????????? SNR
??????????, ?????????????????, ???????????
??????, ?????????????????????????. ??, ????
???????, ??????????????, ?????????????????
????????. ????, AWGN?????????????M-????????
???????M-????????????????, ??????????????
???????????????????????????, ????????????
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???????????????????????????????????????
????????????.
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?6? ???????????????
??
6.1 ??
Perry?????????? Spinal????? [68]?????????? Nmsg = 24
???????????????????????????????. ??, ?????
??? s0 ?????, ??????????????????????? Spinal???
????, ??????????????????????????????????
?, Spinal???????????????????????????????????
???????????????????. ????, ???????????????
??????????????????????????????.
6.2 ?????????????????????
????, ?????????????????????????????. Spinal?
??????????? 4.1, 4.2?????????????????, ???????
???????.
1. Nmsg ????????????? k??????, Nk ????????????
??
2. ????????????, ?????????? s0, ?????????????
???????? s1; s2; ; sNk ?????
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3. ????? si ? 2C ?????????, ??????????????????
??????????. ????, 2C ????????????????????
?????
4. ?????, ??????????????????????????. ?????
?????????????????, ???????????????????.
?? [68]?????, ???????? s0 = 0, ??????Nmsg = 24, ???????
?? k = 8??????? Spinal????????????, ???????????
????? 3????. ??????????????????, ?????? Nk ??
????????, ???????? Nmsg ????????????????????
???????????????, Spinal????????????? (n; k; d)????
??????????????????????.
? 6.1????????????????????????????. ??, ????
???? 1??????????? Spinal?????????, ???? s0 ???, ?
??????????????????? s1??????????????. ??, ??
??? Spinal?????????????????????????????????
?, ??????????????????????, ??? s1 ?????, ?????
?? Spinal?????????? 2C ???????????????. ???, ???
??????? s1?????????????, ????????????????. ?
??, 32?????? (b1; b2;    ; b32)? 6????????????, ????????
????????, (b1;    ; b6); (b7;    ; b12);    ; (b31; b32; b1;    ; b4);    ???.
???, ?????????????????????. ?????, Spinal????
???????????????, ??????? 24???, ?????????? 32
???????????????????. ??, ??? (32,24)???????????
???????????, ????????????????????????????
?, ? 6.2?????????????????????, ??? (32,12)???????
???????????, ?????????, ??????????????????
?????????. ????, ????????????? 224?? 213??????.
75
Message bits
hS0
Spinal Encoder
S1
...
C
h
a
n
n
e
l 
S
y
m
b
o
l 
S
e
q
u
e
n
c
e
Message bits
Encoder with 
codeword splitting
S1
...
C
h
a
n
n
e
l 
S
y
m
b
o
l 
S
e
q
u
e
n
c
e
B
l
o
c
k
 
C
o
d
e
s
 
E
n
c
o
d
e
r
? 6.1: ???????????????
76
??, (32,12)???????????????????. ?????????????
?????, ?????????? [97]???????? 67?? (32,12,10)?????
??????????????????, ????????????????????
???? 6.2???. ????????????, ????, ????????? 64ASK
(Amplitude Shift Keying) ????????, ???????????????????
????????????????????????????????, ???????
???????????????????????????????????????
??????. ???????????????, ????????????????,
??? 32???????????????????????????????????
?????????. ??, ? 6.3?Nmsg = 24; k = 8; C = 6?????? Spinal???
????????, ????????????? Spinal??????????????
????. ???????? 67????????, ????????????????
??????????????????, ???????????????.26666666666666666666666666666664
0 0 1 1 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 1 0 1 0 0 0 1 1 1 1 1 0 1
1 1 1 1 0 0 0 0 1 1 1 1 0 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1
0 1 0 1 0 0 0 1 0 0 0 1 0 1 1 0 0 0 1 1 1 1 0 0 1 0 1 1 0 1 0 0
0 1 0 1 0 0 1 1 0 0 1 1 1 0 0 0 0 1 1 1 1 1 0 1 0 1 0 1 0 1 0 0
1 1 0 1 1 1 1 0 0 1 0 1 1 1 0 0 1 1 1 1 1 0 1 0 0 1 1 0 0 0 1 1
0 1 0 1 0 1 0 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0
1 1 0 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 1 1 0 1 0 1 0 0
1 1 1 1 1 0 0 0 1 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 1 0 1 0 0
0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 0 0 0 0 1 1 0 1 1 0 1 1 0 0
0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 0 1 0 0 1 0 1 0 0 1 0 1 0 0
0 0 0 0 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 0 0 1 1 0 1 0 0 0 1 0 0
0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0
37777777777777777777777777777775
6.3 ????????
??????, ???????????????????????????????
??????, ?????????????????????? (Cyclic Redundancy
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? 6.4: SNR????????? (??????, ?????)
Check:CRC)???????????????????????. ????, ?????
? CRC????????????, ???????????????????????
???????????.
? 6.5??????? 16???? CRC (CCITT-16) ??????????????
????????. ?????N   16???????????? 16??? CRC???
??, ????????N ????????? 12?????????????????
?. ????????????????? (32,12,10)????????????, ???
?????????????????????????? 64ASK??????????
?????. ?????, ????????????????????, ???????
???????????. ??????N ???????, CRC??????, ????
?????????????, ??????????????????, ???????
??????????.
? 6.3?????????????????????????. N = 104; 240; 392; 600
?????????????????????????????. ?? LDPC envelop ?
802.11n??????? 648???? LDPC?????, SNR????????????
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104(88+16)bits
240(224+16)bits
392(376+16)bits
600(584+16)bits
? 6.6: ????? (CRC???????)
???????????????????????. ???, SNR=15-25[dB]?????,
LDPC???????????????? 1.5(bits/symbol)????????????
?, ???? SNR?????, ????? LDPC?????????????????
????. ????????, ??? LDPC???????????? 1.5(bits/symbol)
??????????????????, ?????????????????????
?????????, ?????????????????????????????.
6.4 ??
????, Spinal????????????????????, ??????????
???, ????????????????????????????. ??, ????
????? CRC????????????????????????????????
?. ??????????????????????????????????.
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?7? ??
?????, ?????????????????????????????????
?????, ?????, Spinal??, ?????????????????????, ?
?????????, ?????????????????, ?????????.
2???, ???????????????????????, ??????????
??????????????????, ?????????????????????
??????????????????????. ??, ??????????????
???????, ????????????????????????????????
?. ??????????????, ???????????????????????
???????????.
3???, ??????????????????????????????????
???????????????????????, ????????????????
??, ???????????????????????????????????.
4???, Spinal??????????????, ????????????????
??????????????, ?????????????????????????
????????????????????????????????.
5???, ???????????????, ?????????????????, ?
??????????????????????????, ?????????????
????????????. ??, Spinal????????????????????,
?????????????????????????, ??????????????
?????????????????????????????????????, ??
????????????, ???????????????????????????
??.
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6???, ???????????????????????????, ??????
???????????????????????, ??, ?????????????
????????????.
???, ?????????????????????? Spinal????????, ?
?????????????????????. ??, Spinal??, ?????????
???????????, ???????????????, ????????????
???????????????????????.
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?????????????????, ????????????????????,
?? ? ?? ????????????????.
???????, ?????????, ?????????????????????
?????, ?? ?? ?? ??, ?? ? ?? ??, ??? ?? ?? ??, ??? ?
? ?? ????????????.
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??A. ??????????????
?????????? t = 1; N + 1;    ???? q; g?,
R+c (t) =
q
2M   s2 sin2 t + s cos t (7.1)
R c (t) =  
q
2M   s2 sin2 t + s cos t (7.2)
R+e (t) =
q
2M   s2 sin2 t   s cos t (7.3)
R e (t) =  
q
2M   s2 sin2 t   s cos t (7.4)
??????? s????, ????????????.
(i)M  s??? 0  t < 2 ; 32  t < 2???
qa(t) = qb(t) = ga(t) = gb(t) = 0 (7.5)
qc(t) = R
 
c (t); gc(t) = R
+
c (t) (7.6)
zd?????????????????????.
qd(t) = 0; gd(t) = R
 
c (t) (7.7)
???,
qd(t) = R
 
c (t); gd(t) =1 (7.8)
(ii)M  s??? 2  t < 32 ???
qa(t) = qc(t) = ga(t) = gc(t) = 0 (7.9)
qb(t) = R
 
e (t); gb(t) = R
+
e (t) (7.10)
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??? zd??????????????????.
qd(t) = 0; gd(t) = R
 
e (t) (7.11)
???
qd(t) = R
 
e (t); gd(t) =1 (7.12)
???, (i), (ii)????, 2M  s2 sin2 t???
qb(t) = qc(t) = qd(t) = 0 (7.13)
gb(t) = gc(t) = 0; gd(t) =1 (7.14)
???.
(iii)s < M ?? 0  t < 2 ; 32  t < 2???
qa(t) = qb(t) = gb(t) = 0; gd(t) =1 (7.15)
qc(t) = R
+
e (t); qd(t) = R
+
c (t) (7.16)
ga(t) = R
+
e (t); gc(t) = R
+
c (t) (7.17)
(iv)s < M ?? 2  t < 32 ???
qa(t) = qc(t) = gc(t) = 0; gd(t) =1 (7.18)
qb(t) = R
+
c (t); qd(t) = R
+
e (t) (7.19)
ga(t) = R
+
c (t); gb(t) = R
+
e (t) (7.20)
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